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Lecture 11 –objectives: 
Describe the Specific Elements that Cause Occupational Lung Disorders 
Understand the Clinical Evaluation of the Pneumoconiosis 
Identify the Mineral-Dust Pneumoconiosis 
Identify the Mixed-Dust Pneumoconiosis 
Describe the Pulmonary Function Abnormalities of Mineral Lung Disorders 
Describe the Pulmonary Toxicity Effects of Beryllium and Hard Metals  
 
 
Required reading: 
Power Point Presentation 
COMDTINST M6000 (series), Medical Manual.  
ATSDR Monograph- Beryllium Toxicity 
 
 
Introduction 
 
There are a wide variety of substances that are potentially toxic to the pulmonary 
system.  By now you should be aware that silicosis, asbestosis and Coal-
workers’ pneumoconiosis are the three major types of recognized occupationally 
induced lung disorders. However, a number of other products can just as easily 
induce pneumoconiosis.  These include various metals, silica containing 
minerals, and simultaneous exposures to mixed dusts and fumes. There are 
several conditions that help determine the fibrogenic potential of a substance. 
Among these are the actual physical and chemical properties of the dust, the 
amount of dust retained within the lung and the physiologic make-up and 
immunological competency of the individual exposed. For the record, silicon 
dioxide, as free silica, is the most common fibrogenic dust. 
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 In order to adequately recognize the pulmonary health risks of an exposure and 
make a correct prognostic and diagnostic assessment an occupational health 
care provider should have a proper mineralogical analysis of the substances in 
question. During mining and processing most of these potential hazards do not 
appear in their pure form. Many natural contaminants such as the non-
commercial amphibole asbestos (tremolite, actinolite, and anthophyllite), which 
exist in an asbestiform habit and free silica, have significant health implications.  
 
 
Diagnostic Evaluation: 
 
Many non-occupational lung disorders may mimic the initial findings seen with 
the pneumoconiosis. A posteroanterior (PA) chest x-ray is the standard 
radiological procedure performed in the initial evaluation of a suspected 
pneumoconiosis, even though high resolution Computerized Axial Tomography 
Studies (Chest CT) tend to be more sensitive. Chest CT’s provide best results in 
the evaluation of pleural disease. Lung scanning (using Gallium) can also be 
beneficial in evaluating the inflammatory response and may show indication of 
disease before changes are noted in the Chest x-ray. Be aware that in the early 
stages of disease, pulmonary function tests can be normal, although progressive 
decrements on repeated Forced Vital Capacity (FVC) studies serve as an early 
indicator of progressive interstitial disease. The best diagnostic evidence in 
support of an existing pneumoconiosis is a histological specimen, which can best 
be obtained through an open lung biopsy. Less reliable results can also be 
obtained through a transbronchial procedure.  
 
 

Specific Agents 
 
 
Aluminum 
 
Pulmonary damage due to aluminum exposure has been well reported in the 
past and although improved working conditions have made this a rare type of 
pneumoconiosis, it remains a health concern.  Silica impurities within bauxite, a 
natural compound from which aluminum is derived, account for the damaging 
effects to the pulmonary system, which primarily entail pathologic and fibrotic 
changes in the upper lung fields. The extent of disease depends upon exposure 
level, time of exposure, and other pre-existing lung conditions. Generally 
symptoms include chest tightness, shortness of breath and wheezing, which are 
typically characterized as asthma.  
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Antimony 
 
Antimony is mined and smelted in many parts of the world, including the United 
States.  It is currently used in the semiconductor industry, in battery plates, cable 
sheaths, pottery and paints.  During the smelting and mining processes, 
antimony oxides, primarily antimony trioxide and pentoxide, are released in large 
quantities and produce the greatest risk of exposure.  These compounds have 
been shown to induce pneumoconioses.  The free silica and arsenic oxides also 
found in air samples are thought to exacerbate the main disease process.    
The lungs, skin, cardiac and gastrointestinal organs are most commonly affected. 
Antimony pneumoconiosis is most commonly seen in patients with 10 or more 
years of exposure. In general, small, round opacities throughout the middle and 
upper lung fields manifest the disease.  However, in more severe cases, lesions 
greater than 1 cm in diameter can develop. At this stage the radiographic 
changes resemble silicosis or a mixed-dust type pneumoconiosis.  Dermal 
effects include hyperpigmentation and pustular skin eruptions. Nausea, vomiting 
and bloody diarrhea have also been reported. Also, more toxic varieties of 
antimony, such as antimony trichloride and pentachloride, have been shown to 
induce significant pulmonary edema. Urinary antimony levels may help in making 
the diagnosis. 
 
 
Barium 
 
Barium sulfate is a refined form of barite, the natural form of barium sulfate. 
Exposure to barium leads to a pneumoconiosis known as baritosis. Barium is 
currently used in oil and gas drilling or converted to other products and used in 
glass, paint and rubber products. The pulmonary disease is typically 
demonstrated by the appearance of small, round dense opacities throughout the 
lung fields.  Baritosis is a benign pneumoconiosis not associated with any 
pulmonary function abnormalities. 
 
 
Graphite 
 
Graphite dust has the ability to induce a mixed-dust type pneumoconioses 
usually as a result of contamination with free silica. Graphite is mainly utilized in 
foundry facings, steel manufacturing, cast irons, and in carbon electrodes. The 
clinical presentation is very similar to coal-workers pneumoconiosis. 
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Polyvinyl chloride 
 
Polyvinyl chloride (PVC) dust results from the polymerization of PVC resin by 
vinyl chloride gas.  Exposure can damage the lungs resulting in chest x-ray 
abnormalities and deficiencies in pulmonary function.  Depending on the level of 
exposure the pulmonary manifestations can range from the presence of small 
rounded opacities on the chest film to the development of severe interstitial 
fibrosis or desquamating interstitial pneumonitis. PFT’s tend to show a mixed 
obstructive-restrictive abnormality. 
 
 
Oil Shale 
 
Oil shale is a sedimentary oil-containing rock found in Scotland prior to 
the1960’s. Oil shale pneumoconiosis as well as skin and scrotal cancers have 
been reported on workers who mined and crushed the rock as well as on workers 
using lubricating oils produced from oil shale. Chronic persistent pulmonary 
function abnormalities have also been reported. 
 
Iron  
 
Siderosis is the term applied to the pneumoconiosis found among workers 
exposed to metallic iron and iron oxide fumes and dusts. This type of 
pneumoconiosis is most commonly seen in welders and is characterized by 
asymptomatic diffuse small pulmonary opacities with no evidence of ventilatory 
impairment. Pathologic findings include perivascular and peribronchial 
aggregations of iron oxide found in extracellular tissue. Unfortunately, 
ironworkers are typically exposed to a variety of other metals, which also have 
the potential of inducing pulmonary damage. Among these are various types of 
metal alloys, free silica, isocyanates, asbestos and welding fumes. As a result, 
radiographic and pulmonary function abnormalities on potentially exposed 
workers may reflect a mixed-dust pneumoconiosis rather than a simple siderosis. 
 
 
Kaolin 
 
Kaolin is a hydrated aluminum silicate also known as China clay. It is found all 
over the world and its main use is in the manufacturing of ceramic bricks, though 
it is also used in plastics, rubber, paint, and pharmaceuticals. Kaolin miners can 
develop pneumoconiosis with the predominant finding on a chest film being that 
of small, irregular opacities, though large opacities can also be seen. The 
prevalence of kaolin pneumoconioses varies but can be as high as 13%.  
Pulmonary function can remain normal though some patients may show a mild 
restrictive pattern. In more severe cases pulmonary function abnormalities can 
demonstrate a restrictive, obstructive, or mixed pattern. Lung tissue examination 
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of workers exposed to kaolin can demonstrate interstitial and nodular fibrosis in 
localized and diffuse patterns around the bronchioles and alveoli.  
 
 
Mica  
 
Micas are a complex group of aluminum silicates containing iron or magnesium. 
They are used in the manufacturing of paints, wallpaper and as a filler material in 
cements, and pharmaceutical products. Exposure typically occurs during the 
mining process and presents as mixed-dust pneumoconiosis or as silicosis, 
depending on the level of free silica present. The muscovite form of mica is silica 
free. The pneumoconiosis resulting from exposure to muscovite reveals small 
opacities in the lower lung fields, widespread interstitial fibrosis and restrictive 
abnormalities on pulmonary function testing. 
 
 
Talc 
 
Talc is a hydrated magnesium silicate mined in parts of New York, North 
Carolina, Texas, Vermont and Montana. Talc can exist in many forms and 
depending on the ore source in can be found in a pure form or mixed with 
asbestos or silica. The effects of talc in the industrial setting reflect the physical 
properties of these minerals. As a result, the most common pneumoconiosis 
associated with talc exposure are talcoasbestosis, talcosilicosis, and pure 
talcosis.  
Talcosis results from the inhalation of pure talc without contamination from other 
mineral sources. Excessive use of talcum powder, as well as the accidental 
aspiration of talc by infants, has been associated with diffuse irregular opacities 
throughout the upper or lower lung fields, focal fibrosis of the small airways, 
bronchiolitis, and extensive fibrosis with granuloma formation. Pulmonary 
function abnormalities may range from normal to mild restrictive and obstructive 
patterns. Despite reports from Norway and China on the development of 
pulmonary malignancies resulting from pure talc exposure, the evidence remains 
inconclusive. However, exposure to talc contaminated with other minerals, such 
as asbestos and silica, reveal radiographic and pathologic changes consistent 
with exposure to these products. These types of pneumoconioses do present a 
high mortality rate and development of lung cancer.  
 
 
 Mixed-Dust 
   
This type of pneumoconiosis applies to the simultaneous exposure of silica with 
other dusts, such as coal, oil shale, and tin. Commonly the degree of pulmonary 
changes reflects the amount of free silica involved. The type of occupations 
associated with this type of exposure includes iron and steel work, arc welding 
and oxyacetylene metal cutting and non-ferrous foundries. The clinical 
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presentation includes radiographic evidence of peribronchial and perivascular 
fibrosis, irregular opacities in the upper lung fields, and progressive massive 
fibrosis. There is also a higher than normal association with the development of 
tuberculosis when compared to the general population. 
 
 
Vermiculite   
 
Vermiculite is a mineral composed of aluminum, iron and magnesium silicate, 
which expands to 20X its original size when heated. It is used in insulating and 
fire resistant materials, as filler material in cements and flooring materials, and in 
potting soils and fertilizers. The adverse health effects of vermiculite exposure 
are directly related to the contamination with noncommercial asbestos. A recent 
study on miners from a Montana vermiculite mine revealed increased risk of lung 
cancer and evidence of pleural and parenchymal abnormalities typical of those 
seen with asbestos exposure. Vermiculite ore mines in Virginia and South 
Carolina have shown lower concentrations of asbestos contamination.  
 
 
Metal-Related Disease 
 
Several metals with the potential to cause pulmonary toxicity exert their effects 
through an immunological process involving cell sensitization.  Among these are 
beryllium and cobalt.  Since much more is known about beryllium inhalation than 
cobalt it will be discussed in greater detail. Additionally, beryllium can produce a 
range of health effects and is often misdiagnosed as sarcoidosis. After a brief 
discussion on the health effects of beryllium a monograph from the ATSDR’s 
case studies in Environmental Medicine will also be presented. 
 
Beryllium 
 
Beryllium is a light metal with the potential to induce pulmonary disease. Two 
types of pulmonary disease can result from inhalation of beryllium. One is an 
acute toxic-type pneumonitis, and the other is a chronic granulomatous process 
resulting from many years of exposure and indistinguishable from sarcoidosis. 
The reported prevalence of this disease varies from 0.4%-4.9%. During the 
1950’s most of the initial cases reported related to beryllium refining and 
fluorescent lamp manufacturing.  However, over the past several years’ beryllium 
toxicity has been related to jobs in the aircraft industry, electronics and nuclear 
energy.  
Host susceptibility has been implicated as a significant factor in the disease 
process as not everyone exposed develops clinical evidence of the disease.  The 
hallmark of chronic berilliosis is the formation of noncaseating granulomas mostly 
in the lungs but also found in the liver, kidneys, skin, spleen, muscle, salivary 
glands, and lymph nodes. Beryllium disease, in its chronic form, represents a 
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delayed hypersensitivity reaction and possibly a disorder of cell-mediated 
immunity. 
The clinical picture typically consists of a nonproductive cough, shortness of 
breath, weight loss and fatigue, though it may also reveal the presence of 
hepatosplenomegaly, lymphadenopathy, basilar inspiratory crackles, and skin 
lesions. Chest X-rays reveal the presence of diffuse interstitial infiltrates and 
bilateral hilar adenopathy, while pulmonary function abnormalities present as 
restrictive, obstructive or mixed pattern. It is important to note that latency 
periods as long as 25 years, between exposure and clinical disease 
development, have been reported. 
One of the most important factors in the diagnosis of chronic beryllium disease is 
distinguishing it from sarcoidosis. Both disease processes present with similar 
characteristics, except that berilliosis does not present with evidence of uveitis or 
erythema nodosum. A history of beryllium exposure is helpful in the differential 
diagnosis. Management of the disease begins with prompt removal from the 
exposure site, as dramatic improvements with resolution of the inflammatory 
response have been reported after removal from the exposure. It appears that 
disease chronicity is dependent on long-term exposure to beryllium and host 
susceptibility. 
 
---------------------------------------------------------------------------------------------------------- 
 
Following is a case study on Beryllium Toxicity presented as part of the 
monograph series developed by the Agency for Toxic Substances and Disease 
Registry (ATSDR). 
 
---------------------------------------------------------------------------------------------------------- 
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